We estimate the impact of vitamin supplement intake, lifestyle, health indicators, food culture, and demographics on diet quality outcomes as measured by the Healthy Eating Index -2005 (HEI). Our data consists of U.S. adults who participated in the 2003 -2004 National Health and Nutrition Examination Survey. Alternative instrumental variable estimators explicitly address issues of endogeneity and complex sample design. Our empirical analysis demonstrates that diet quality is strongly interrelated with food culture. We suggest that vitamin consumption serves as another marker for healthy eating. This finding emphasizes the need to employ economic modeling when developing public policy to reduce obesity.
Introduction
Recent nutrition studies suggest that the intake of vitamin supplements might be unnecessary and even harmful (Klein et al. 2011; Mursu et al. 2011; Wang 2011) . Although most dieticians agree about eating a wellbalanced diet, many health care professionals continue to recommend multivitamins to supplement low fruit and vegetable intake. Indeed, U.S. consumers only consume 64% of the vegetable servings and half of the fruit servings recommended by the U.S. Department of Agriculture Food Patterns (U.S. Department of Agriculture and U.S. Department of Health and Human Services [USDA/HHS] 2010), which are presented on the ChooseMyPlate.gov website (U.S. Department of Agriculture 2011). Simultaneously, solid fats, alcohol, and added sugars (SoFAAS) are con sumed in amounts 2-to 3-fold their recommended limits (see table 5-1 in USDA/HHS 2010). Declining produce consumption patterns are commonly attributed to changing socio-demographics, rising demands for convenience foods, growing away-from-home food expenditures, and declining food preparation skills (e.g. (Mancino et al. 2009; Stewart and Blisard 2008) .
Overall, these changes have contributed to consumers' more favorable attitudes towards nutritional supplements as a perceived alternative healthy way to improve diet quality (Pole 2007) . In fact, nutritional supple ment use has risen steadily over the past 40 years (Gahche et al. 2011 ). The Council for Responsible Nutrition (2005) reports occasional use of nutri tional supplements for 62% of U.S. adults, whereas 46% are reported to take supplements regularly (Dickinson and Shao 2006) . Preventative health care through greater adherence to dietary guidelines is estimated to potentially save between $21 billion and $43 billion each year in direct medical costs and lost productivity resulting from secondary chronic health problems due to poor diets (Frazão 1999; Kim et al. 2001; DeVol and Bedroussian 2007; Drichoutis et al. 2005) . However, the 2010 Dietary Guidelines for Americans state "a fundamental premise that nutrients should come primarily from foods . . . given that dietary fiber and other naturally occurring substances that may have positive health effects," (USDA/HHS 2010, p. 49) . The recommendations also state that specific supplements may be needed for at-risk population groups such as post partum women, as well as older Americans (USDA/HHS 2010) .
This conflict suggests a need to understand the role of dietary supple ments in U.S. consumer's diet-health behavior, and whether supplements are currently replacing or supplementing a healthy diet. In this context, two policy-related scenarios seem particularly relevant. It is possible that the intake of vitamin supplements by consumers who already eat a healthy diet might be harmful. Thus, the first policy scenario discourages the intake of "extra" vitamin supplements for the general population. The second policy scenario addresses consumers who are not willing to improve their eating habits, and thus take supplements to replace a healthy diet. In this case, it might be harmful to discourage supplement use in the general population.
In either case, evidence suggests it is important to continue emphasizing a healthy diet and to encourage supplement intake only for key subpopulations such as pregnant and lactating women, and individuals over fifty. To our knowledge, there currently exists no study of vitamin supple ment intake and diet quality in the United States that also includes food culture and lifestyle features.
The objective of this paper is to determine the relationship between vitamin supplement intake and diet quality outcomes as measured by the Healthy Eating Index-2005 (HEI-2005 , controlling for other influencing factors such as lifestyle, health indicators, food culture, and demographics. We use data from the 2003-04 U.S. National Health and Nutrition Examination Survey (NHANES) to estimate the con tribution of vitamin supplement intake to individuals' total HEI-2005 score, as well as the fruit and vegetable component scores. The latter two indices are of particular concern to health policy-makers and U.S. produce growers alike. Previous research (Basiotis et al. 2002; Stewart et al. 2003) has repeatedly discussed the policy challenges sur rounding the cycle of low socio-economic status, poor diets, and poor health among U.S. consumers. We consider vitamin supplement intake in sub-populations who are especially at risk due to existing health conditions or other lifestyle factors. The empirical analysis explicitly addresses two fre quent empirical problems encountered in cross-sectional and health behav ioral analyses-endogeneity and measurement error. To avoid problems related to using unsuitable instruments commonly encountered in studies of nutrition and food choice, we contribute to the literature by comparing the performance of two alternative instrumental variable (IV) methods, Generalized Methods of Moments (GMM), and Two-stage Least Squares (2SLS), in estimating the impact of vitamin supplement intake on diet quality. We apply an IV estimation strategy using secondary and tertiary instruments to control for endogeneity bias as proposed by Lewbel (2012) .
Model
Previous literature suggests that diet quality is a function of expenditure on foods, lifestyle, and several socio-demographic and other factors such as age, education, and gender. Our approach builds on this literature, and further assumes that a consumer's health behavior towards diet quality includes the decision to consume dietary vitamin supplements as part of their diet production function. A general model specification for an indi vidual's diet quality, HEI i , can thus be written as:
where V i is vitamin supplement intake, X i is a vector of explanatory varia bles including lifestyle, health indicators, food culture and cost, as well as socio-economic and demographic variables, a 0 , a 1 and b are parameters to estimate and e i is the error term. We label this specification the "Full Model." The 2010 Dietary Guidelines for Americans specifically state that selected population groups are disproportionately affected by diet-health related chronic and associated health problems. The guidelines recom mend that specific supplements may be needed for such population groups, including smokers and older Americans (USDA/HHS 2010). To more directly capture the impact of vitamin intake in these population groups, we develop a second model specification based on equation (1), where Xi, the vector of explanatory variables, includes lifestyle, health, food culture and cost factors, as well as socio-economic and demographic indicators commonly associated with populations deemed at-risk of suffer ing disproportionately from diet-health related disease and related chronic health conditions. This specification is labeled the "At-Risk Model".
Determinants of Diet Quality
Previous studies on food and health behavior suggest that an individu al's diet quality can be attributed to factors ranging from lifestyle (e.g. physical activity, smoking), health indicators (e.g. obesity or overweight, cholesterol), to food culture (e.g. race, location of food consumption, household size), and demographics (e.g. age, income) (Arnade and Gopinath 2006; Beydoun and Wang 2008; Bhargava 2004; Bhargava and Hays 2004; Carlson and Gerrior 2006; Lang and Jebb 2003; Mancino et al. 2009; Stewart and Blisard 2008) . Using data from the 2003 -2004 NHANES, we test the relationship between vitamin supplements and diet quality while controlling for these other influencing factors.
Diet Quality
For our dependent variable, we measure diet quality using the USDA Healthy Eating Index -2005 (Guenther 2006 ). This score is calculated from actual dietary intake data, which NHANES measures using two 24-hour multi-pass dietary recall interviews. The first interview is conducted in person, while the second takes place via telephone within ten days of the first. The interviewer records the amount of food actually consumed, rather than the amount of food that is purchased, which allows for a more precise measurement of food intake. In addition, survey interview ques tionnaires aim at collecting supplemental consumption, lifestyle and dem ographic characteristics (Centers for Disease Control and Prevention [CDC] 2010). This study uses data from 6,187 adults who are 20 years and older. Table 1 provides an overview of the variables constructed from NHANES and used in the analysis, as well as the sample mean and stand ard deviation. We used sample weights to calculate the means, and con trolled for NHANES complex sample design when calculating the standard deviations. 1 The revised HEI -2005 used to assess an individual's overall diet quality examines a multitude of influencing factors. Scores from HEI -2005 are calculated based on a 100-point scale comprising 12 major food compo nents, and is summarized in table 2. Scores are assigned based on a density approach -that is, the standards for maximum scores are given as the amount of the food or nutrient per 1,000 calories (Guenther et al. 2006) .
Higher HEI scores indicate closer adherence to current dietary guide lines for individual food and nutrient groups. For the adequacy compo nents such as vegetables and fruits, a higher score indicates higher consumption, while for the last three components, saturated fat, sodium, and SoFAAS, a higher score indicates lower consumption.
Vitamin Supplement Intake
In light of declining fruit and vegetable consumption and rising levels of nutritional supplement intake in the United States, it remains unclear what role supplements may play in consumers' diet and health behavior. Many physicians advise the intake of multivitamin supplements because their patients might have difficulties consuming a balanced diet that includes a variety of fruits and vegetables (Wang 2011; Dooren 2011) . The Dietary Guidelines for Americans 2010 suggests the consumption of fruit and vegetables for three main reasons: (1) they are major contributors of Mean of each annual household income 43.71 (1.60) category in thousands per adult household member 4.9995 ¼ Less than $10,000 12.4995 ¼ Less than $15,000 ($10,000 to less than $15,000) 17.4995 ¼ Less than $20,000 ($15,000 to less than $20,000) 22.4995 ¼ Less than $25,000 ($20,000 to less than $25,000) 29.9995 ¼ Less than $35,000 ($25,000 to less than $35,000) 39.9995 ¼ Less than $45,000 ($35,000 to less than $45,000) 49.9995 ¼ Less than $55,000 ($45,000 to less than $55,000) 59.9995 ¼ Less than $65,000 ($55,000 to less than $65,000) 69.9995 ¼ Less than $75,000 ($65,000 to less than $75,000) 87.5005 ¼ $75,000 and more Married ¼1 if respondent is married or in a 0.69 (0.02) common-law relationship Note: For the summary statistics we include the survey weights and control for NHANES' complex sample design in calculating the standard error. For variables that change between the two days, we present summary statistics for both days.
several under-consumed nutrients; (2) their consumption is associated with reduced risk of many chronic diseases; and (3) fruits and vegetables are naturally low in calories, which assists individuals in maintaining a healthy weight. Regarding the first reason, fruit and vegetables are major contributors of the shortfall nutrients folate, magnesium, potassium, dietary fiber, and vitamins A, C and K, of which potassium and dietary fiber are of particular concern to public health. Epidemiological studies have shown that vitamin deficiencies can contribute to severe health con sequences such as cancer and cardiovascular disease (USDA/HHS 2010).
Consumers may choose to take nutritional supplements to complement and improve their diet with specific micronutrients. As such, vitamins might serve as a disease-preventative input. The U.S. Council for Responsible Nutrition suggests that up to $8.4 billion annually could be saved if people consumed at least 100 International Units (IU) of vitamin E on a regular long-term basis to reduce the risk of heart disease (Bendich et al.1997; Dickinson 2002) . Other consumers may choose to consume vitamin supplements to sub stitute for the lack of consuming vitamins from fruits and vegetables. However, there might be insufficient evidence that the same protective effect of fruit and vegetables could be derived from dietary supplements (USDA/HHS 2010).
Dietary supplements are regulated by the U.S. Federal and Drug Administration (FDA) under the Dietary Supplement Health and Education Act (DSHEA). Under DSHEA, a firm is responsible for deter mining that the dietary supplements it manufactures or distributes are safe (U.S. Food and Drug Administration 2011, Denham 2011) . Studies suggest that dietary supplement manufacturers may actually encourage consumers to substitute their physician-prescribed medications with sup plements. Thus, at-risk populations may be more prone to consuming dietary supplements given that consumers may not be able to differentiate between technical descriptions and marketing language (U.S. Government Accountability Office [GAO] 2011). Given the available definition in NHANES 2003-2004, vitamin supplement intake was measured as a binary variable, which indicated whether the respondent took any vita mins, minerals, or dietary supplements during the past month.
Lifestyle
Lifestyle indicators include health and risk behaviors such as exercise frequency and sedentary activities such as time spent in front of the TV and/or computer, smoking, and frequent alcohol consumption. These life style factors may significantly influence an individual's health status and food choice behavior (Cawley and Ruhm 2011) . Health experts continue to emphasize the importance of regular health-enhancing activities, includ ing the consumption of a well-balanced diet and physical activity (Dwyer 2001; USDA/USHHHS 2010) . It is plausible to assume that time spent exercising may be positively correlated with eating a healthy diet. In our sample, exercise frequency has been classified into three groups depend ing on an individual's average daily level of activity. Non-work or studyrelated screen time means less time for physical activity, which may indi cate that the respondent values sedentary entertainment over the health benefits of physical activity. Increased screen time may also be a proxy for unhealthier food or snack choices.
Nicotine, an appetite suppressant, has been associated with increased risk of developing lung cancer, emphysema and heart conditions. Huston and Finke (2003) suggest that smokers tend to prefer present utility gains compared to their future health status and longevity. Smokers also have been shown to have lower levels of diet quality (Ma et al. 2000) . The Dietary Guidelines for Americans 2010 recommends that women consume no more than one alcoholic drink per day, and men no more than two. However, the impact of alcohol on diet quality is ambiguous. Red wine in moderation has been linked to good health, but drinking more than three alcoholic drinks per day has been shown to increase the likelihood of injuring oneself or others, liver conditions, mental health problems and numerous other health problems (Klatsky 2010) .
Health Indicators
Health indicators should be understood as a marker for the individual's current health status. Longitudinal studies directly link poor diet quality to deteriorating health indicators such as obesity, cholesterol levels, type 2 diabetes, and overall physical health, which in turn are all indicators of a higher risk of cardio-vascular disease (Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults 2001; USDA/HHS 2010). We model health indicators based on respondent's reported health status, rather than NHANES' medical exam results. We assume that with an individual's unawareness about her/his own health status, diet behavior would not be changed to counteract the condition.
Obesity has been at the center of the diet-health policy debate in the United States, and the focus of a growing number of economic studies (e.g. Frazão and Allshouse 2003; Park and Davis 2001) . We employ two alternative measures to capture the impact of past eating behavior on HEI. The ratio of measured waist and the cut-off point for obesity, 88 cm for women and 102 cm for men (National Institute of Diabetes and Digestive and Kidney Diseases 2004), and the standard Body Mass Index (BMI) are both measures of past eating behavior.
In addition, we use binary variables to reflect whether an individual has been told by a health professional that their blood cholesterol is high or that the individual has diabetes. The variables mental health and physical health are self-measured and indicate the number of days per month in which a respondent felt their health status was not good. Despite its sub jectivity, previous research suggests that self-rated health status is a valid predictor of issues such as physical functioning in the adult population (e.g. Goodwin et al. 2006; Goldstein et al. 1984) .
Food Culture
Food culture, a relatively new construct, encompasses measurable factors that describe taste preferences, food choices and familiarity with foods . We built on this concept to capture a partici pant's food choice and consumption patterns that can be ascribed to dif ferences in ethnicity, heritage, and family structure. As such, food culture includes factors over which the individual has complete control (e.g. loca tion of food purchase such as restaurant, fast food establishment, or grocery store), and factors the individual is unlikely to change to improve their diet quality (e.g. household size). Household size is also included to capture differences in food culture at home, as larger households may be more likely to cook more often than smaller size or single households.
Other elements of food culture over which the individual has no control include immigration or citizen status, heritage and ethnicity. These are indicators of the types of foods and/or traditional consumption patterns the individual has been exposed to over a long period of time. Eating habits formed during childhood have been shown to have a lasting impact on adult food habits (Becker 1992; USDA/HHS 2010) . In contrast, Aldrich and Variyam (2000) argue that as the U.S. population becomes more diverse and many individuals live in or grow up in multi-racial settings, race and ethnicity may play a less important role with regard to diet quality. A well-documented case in point emphasizing the interplay of diet quality and ethnicity is the "Hispanic Health Paradox." The paradox suggests that U.S. immigrant's heritage food culture may act as a protec tive barrier against a rapid assimilation of dietary habits. This may lead to health outcomes that are equal to or better than those of non-immigrants, despite higher poverty rates, lower education and worse access to health care among many Hispanic immigrant groups living in the United States (Morales et al. 2002; Batis et al. 2011) . Other research has shown that even though immigrants are in better health upon arrival to the United States compared to their U.S.-born counterparts, this health advantage erodes over time (Antecol and Bedard 2006) .
Food Cost
Although U.S. consumers spend a relatively small share of their income on food -currently about 11% of disposable income (USDA/ERS 2011)the cost of food is one of many factors that may affect some purchase deci sions, though generally not the leading factor (Wansink 2004) . Since the NHANES does not collect information on food prices or expenditures, we use the 2003 -04 Center for Nutrition Policy and Promotion's (CNPP) Food Prices Database to calculate the prices of food in its consumed form USDA/CNPP 2009) . Given that these are national average prices, they do not contain any regional variation, and thus the prices do not necessarily reflect the exact retail prices paid by an individ ual. The CNPP price estimates account for the food purchased and poten tial losses due to preparation ( peels, seeds, shells, bones and skins) or gains and losses through cooking (moisture and fat loss and gain). The Food Prices Database does not include alcohol in any food (e.g. wine in a sauce) or drink. When creating the database, any alcohol that was in a food was converted to a nonalcoholic alternative (e.g. fruit juice) and priced accordingly. Because of this conversion, the true cost of a daily diet may be slightly underestimated when priced with CNPP prices. However, this would only impact the cost of the SoFAAS component of the HEI, which only comprises 20% of the total HEI score. Since alcohol typically comprises a very small proportion of the total diet for most people, the use of the CNPP price data can be expected to only marginally affect the quality of the analysis in this study.
Given that CNPP food prices only reflect the cost of foods prepared at home, an upward cost adjustment for foods purchased away from home is required. This adjustment is based on a comparison of the estimated mark-up for food at home and food away from home . We use an adjustment factor of 1.4-2, depending on the type of establish ment (e.g. fast food, deli, table service, recreation facility, and non-school cafeteria). To estimate daily total cost, prices are attached to the daily con sumption of foods and non-alcoholic beverages, which are then summed up ).
As table 1 shows, the average 2-day food cost of 2003 -04 NHANES par ticipants is $9.98. The weekly cost for 20-50 year old males is $32.70, and females $29.70, which translates to an average daily cost of $4.46, and a two-day cost of $8.91. The amount found in this study is just slightly higher than the USDA's Thrifty Food Plan for males and females during June 2004, which indicates that the individual should be able to purchase a healthy diet (Lino 2011) . However, the CNPP national average food prices, which are the only consistent measure of "food cost" for NHANES respondents, may not necessarily reflect a household's true food expendi tures, and has been shown to underestimate actual expenditure levels.
Demographics
Several demographic variables may impact the consumption of fruits and vegetables, such as gender, age, education, income, and marital status. Previous studies have shown that the consumption of fruits and vegetables is typically lower among men compared to women (e.g. Variyam et al. 1998; Arnade and Gopinath 2006; CDC 2007; Beydoun and Wang 2008; Stewart and Blisard 2008; Todd et al. 2010) . With increasing age, people tend to eat a diet of higher quality that contains less energy, since the benefits of health and good nutrition may become more apparent (Frazão and Allshouse 2003) . Reported dietary supplement intakes have been consistently higher, particularly among older consumers (Dickinson and Shao 2006) . In addition, the metabolic rate slows down with growing age, and therefore the body does not require as many calories to maintain its weight (Myers 2003) . Education, a proxy for knowledge, information, and awareness of healthy practices, as well as a willingness to invest in long-term outcomes (Huston and Finke 2003) may lead to overall higher diet quality, and is assumed to have a strong positive impact on HEI. In addition to age, gender, and education, we classify respondents into three income groups to capture the association between income and diet quality emphasized by previous economic analyses of diet and health (Mancino et al. 2004; Bogue et al. 2005; Petrovici and Ritson 2006) . Moreover, Jeffrey and Rick (2002) found marriage to be associated with higher consumption of calorie-dense foods and lower frequency of exercise.
Analysis
The estimation of the determinants of an individual's diet quality, HEI i , in equation (1) faces a challenge frequently discussed in health behavioral studies based on cross-sectional population data -the likely endogeneity of nutrition and health variables and related misspecification of empirical models (e.g. Park and Davis 2001; Doh and Nayga 2007) .
In this study, these issues evolve around the potential endogeneity between diet quality and the intake of vitamin supplements. After for mally testing and confirming endogeneity between V i and HEI i , the instru mental variable equation for vitamin supplement intake is represented as:
where Z is a vector of instruments, g is an estimateable parameter and mi is the error term. The standard econometric method in the literature for estimating equa tions (1) and (2) are two-stage least squares estimators that rely on the assumption that appropriate instruments are available.
However, the difficulty of finding suitable instruments for crosssectional analyses of nutrient intake and health behavior data has been raised by several studies (Subramanian and Deaton 1996; Park and Davis 2001; Abdulai and Aubert 2004) . While suitable instruments that are suffi ciently highly correlated with the variable of interest and uncorrelated with the error term are often unavailable, using inappropriate instruments may severely bias instrumental variable estimators and may produce results that are inferior to OLS estimates.
To avoid the problem of unsuitable instruments regarding the endoge neity of vitamin supplement intake in diet quality, we adopt the approach originally proposed by Lewbel (1997) and further developed in Lewbel (2006; 2012) for creating additional, and as Lewbel proves, suitable instru ments. In particular, Lewbel's identification strategy, unlike in conven tional instrumental variable estimators, relies on a vector of model regressors that are uncorrelated with the covariance of heteroscedastic regression errors. As shown by Lewbel, identification can be achieved without any exclusion restrictions, and a 1 (in equation 1) can be consis tently estimated based on existing exogeneous variables in the structural equation and errors that are heteroskedastic. In the first stage, the endoge neous variable (Vitamins) is regressed on all control variables X deemed exogenous in the HEI equation along with the Z vector of defined instru mental variables. According to Lewbel (2006) , suitable candidates for the Z vector are variables that might alternatively be used as instruments in the given context.
Thus, for the analysis of diet quality, we consider a subset of variables (X i ) presented in table 1 to be sufficiently exogenous (i.e. gender, educa tion, race, immigration status, and household size). These estimated resid uals can then be used to construct higher order instruments of the form (Z i -Z )ê 2 , where ê 2 are the estimated residuals from equation 2. Several empirical applications have since exploited heteroskedasticity for identifi cation following Lewbel's approach, as summarized in Lewbel (2012) .
The newly-created IV model can be estimated by 2SLS or GMM, and common tests to verify instrument validity and exogeneity can be applied. Building on Lewbel's approach, we specify three empirical models to address the role of vitamin intake on different diet quality measures in NHANES.
In the first specification, three Healthy Eating Index scores (HEI), total HEI, HEI fruits, and HEI vegetables are regressed against selected key life style, health indicators, and food culture and demographic variables. We call this specification our "Full Model". The total HEI captures the overall impact of vitamin supplement intake on diet quality among NHANES participants. The fruit and vegetable component scores address the ques tion of whether vitamin supplement intake serves to complement the con sumption of a recommended diet that includes fruits and vegetables, or whether supplement intake serves to substitute for these recommended sources of nutrients in a population already failing to meet or even ignor ing nutritional guidelines. 
Economic studies of diet and health behavior have frequently identified at-risk populations as the target groups for nutrition and health policy intervention in the United States. We specify a second set of empirical diet quality equations, our "At-risk Model", to estimate the impact of vitamin intake on diet quality when controlling for critical lifestyle factors and indicators of existing health conditions. In this second model, these varia bles are regressed against the three HEI scores of interest: ( HEI T,F,V = f Vitamins, TV, PC games, Smoker, Alcohol, BMI, Cholesterol, ) Diabetes, Mental health, Physical health, Food cost, Male .
(4)
The At-risk Model specification includes variables commonly associated with low socio-economic status and poor lifestyle. Additionally, we incor porate health indicators that have been associated with poor compliance with dietary guidelines and the rise in secondary chronic health problems such as sedentary activities, smoking and drinking, elevated blood choles terol and BMI, diabetes, and mental and physical health indicators.
We controlled for complex sample design by using the survey estimation commands in Stata when estimating both the full and at-risk models. We estimated each model specification and HEI score using two IV methods, standard 2SLS and alternative GMM estimators, each employing secon dary and tertiary instruments following Lewbel's (1997; 2012) approach.
Results
Tables 3 and 4 show the IV coefficient estimates from the full and at-risk model specifications for the three selected diet quality measures: Total HEI-2005, and the Fruit and Vegetable component scores. Overall, the coefficient estimates show robustness and only minor differences across the IV estimation method.
In addition to the variable of interest, Vitamins, other independent varia bles may be considered endogenous. To establish model validity and exo geneity of the chosen explanatory variables, we conduct a series of test statistics. First, to confirm the validity of Lewbel's (2012) identification strategy, we test for the presence of heteroskedasticity using Pagan and Hall's (1983) test, a necessary condition for model identification. The results show that the null hypothesis of homoscedastic errors is rejected in all models with p-values equal to 0.000. Second, to test for the endogene ity of individual regressors we conduct a series of C-tests to establish exo geneity (orthogonality of the instrument in question). Of all exogenous explanatory variables across the six HEI model specifications, four varia bles pass the test of exogeneity at the 10% level. These variables are: Hispanic in the HEI Total model; Diabetes in the HEI Fruits At-risk model; and Food cost in the At-risk models of HEI Vegetables and HEI Fruits. All other variables prove clear exogeneity at the 5% level or higher. Third, to confirm the validity of the chosen instruments we report Sargan and J-tests of overidentifying restrictions as a measure of instrument valid ity. Both tests support the validity of our chosen instrumental variables and indicate proper model specifications.
NHANES respondents who consume vitamin supplements have signifi cantly higher levels of total HEIs. This is an interesting result, because it suggests that consumers of a well-balanced diet care enough about their health to also take vitamin supplements. In this case, vitamin Table 3 . Table 3 . Table 4 . consumption seems to serve as another marker for healthy eating. As expected, NHANES respondents who already follow a "very" physical active lifestyle score 1.8 points higher in term of their total HEI. The same relationship holds for diet quality in fruit and vegetable intakes, respectively.
Against the common belief that people of poor diet-related health status eat unhealthy diets, the results of the full model (table 3) indicate that the health indicator "waist circumference ratio" is positively correlated with increases in total diet quality. To verify validity of this coefficient estimate, we re-estimated the model without this health indicator. All model results proved to be robust, and a suspected endogeneity of the variable waist cir cumference ratio was soundly rejected.
The food culture variables show interesting results that confirm pre vious findings. Previous research has argued that food consumed away from home is a contributor to poor diet quality (Mancino et al. 2009 ). We find that individuals who purchased a higher percentage of their calories (over a two-day period) at fast food and pizza restaurants had a lower total HEI score by 0.8 points, 0.12 points for fruit and 0.03 points for the vegetable HEI. Individuals who purchased more foods at stores had higher total and HEI fruit scores than individuals who purchased food at non-fast food restaurants. This finding confirms that typically, storebought food for at-home consumption tends to be of higher diet quality (Lin, Guthrie, and Frazão 1999) . Interestingly, store-bought food purchases are negatively associated with the HEI vegetable component score, which confirms the intricacy of food environmental factors that affect consumer produce choice. In particular, the number of supermarkets in an individu al's neighborhood or size of the grocery store may influence access to produce. Compared to supermarkets, smaller neighborhood stores mostly stock processed foods and some fruit, but rarely any vegetables (Glanz et al. 2007) .
Being an immigrant significantly increases total diet quality by 6.4 points. A U.S. immigrant's heritage food culture indeed seems to act as a protective barrier against the adoption of "unfavorable" U.S. dietary habits by maintaining traditional cooking and eating practices. This finding confirms previous literature (Morales et al. 2002; Batis et al. 2011 ). This protective barrier might only be temporary, given that it has been shown that on average, female (male) immigrants converge within 10 (15) years to the U.S. BMIs (Antecol and Bedard 2006) .
Only respondents of black ethnic background have significant lower total diet quality (2.3 points) and lower HEI vegetable (0.39 points) when compared to other ethnic groups. White and Hispanic participants did not have significantly different diet qualities compared to the "other" group, which includes Asian, mixed, Native American and Pacific Island.
Household size significantly impacts diet quality. However, the magni tude, size, and significance of these effects differ by the number of house hold members. This finding supports the consideration of the two separate variables, medium vs. large households. Overall, medium house holds impact HEI scores negatively. Both medium and large households show negative impacts on the HEI vegetable component score, even though the effects for medium households are smaller in magnitude. Our findings suggest that larger households-those of lower income statusmay face food budget constraints in following dietary recommendations.
In conjunction with a positive effect of income on the overall HEI and HEI vegetable component scores, large households are associated with lower HEI vegetable scores.
As expected from our demographic variables, diet quality improves with increasing age. College-level education has a strongly positive effect (5 points) on overall diet quality. Marital status does little in terms of improving diet quality, but does a positive impact on the vegetable HEI by 0.13 points.
Our At-risk model specification (table 4) reveals a significant positive impact of vitamin supplement intake on diet quality of NHANES respondents who reported at least one of several at-risk attributes. For at-risk individuals, vitamin supplement intake is correlated with an increase in diet by 4.1 points, compared to 3.2 points in the full model.
With regard to lifestyle, our results show that sedentary behavior, for example hours spent watching TV, contributes to lower diet quality. Playing video games shows a positive yet marginal relationship to all three measures of diet quality. Since we controlled for physical activity, this may suggest that the negative relationship between TV watching and diet quality does not carry over to playing video games.
As expected, smokers have significantly lower HEI scores, and so do individuals who consume alcohol at or above the acceptable daily intake levels. Like smoking, excessive alcohol consumption has been associated with diminished levels of interest in long-term health. Males comprise a population at-risk of poor diet behavior and resulting health consequen ces. Special focus was given to health indicator variables in the at-risk respondent group. Respondents with a higher score in the HEI vegetables showed increased BMI levels, which confirms the findings in the full model. Lifestyle factors have a strong influence on diet quality, which con firms previous studies (Ma et al. 2000; Dwyer 2001; Klatsky 2010) . Particularly smoking, time spent watching TV, and consuming increased levels of alcohol impact the diet quality of at-risk respondents negatively.
Individuals diagnosed with diabetes or elevated blood cholesterol levels show higher HEI scores. Both health indicators reflect conditions that could develop from a history of poor diet behavior, and patients are typi cally advised to increase their consumption of fruits and vegetables as part of other educational as well as therapeutic measures. Even though these findings appear to contradict the hypothesis of a negative relation ship between a diet-health condition and diet quality, the results are robust with regard to the model specification and prove significantly exog enous in determining an individual's HEI score. Given the cross-sectional nature of this analysis, our results suggest that previously diagnosed health conditions may have triggered changes in an individual's diet behavior. Thus, our estimates should be interpreted as a contribution to the understanding of the relationship between health status and diet behavior, which is an issue of frequent debate in the health economics lit erature. In contrast, individuals with diagnosed mental or physical health issues form an at-risk group with poor diet quality patterns. To our knowledge, little economic research has been conducted on investigating diet behavior among mentally or physically compromised individuals.
The cost of food was explicitly considered in the at-risk model to account for the possible effect of food budget constraints faced by lowincome respondents on diet quality. Food cost does not affect diet quality, which confirms previous research (e.g. Carlson et al. 2010) . In fact, food cost did not produce significant results in the full model and was subse quently dropped from this group of models.
Conclusions
This study provides a unique contribution to the literature on a key food-health policy issue. We examine the relationship between declining produce consumption, rising intake of vitamin supplements, and diet quality. In light of decreasing levels of fruit and vegetable intake and increasing demand for nutritional supplements, the ability to selfmedicate using a range of vitamin supplements without any control mech anism has been raised as a key public health concern (De Jong et al. 2003).
We hypothesized a substitutive relationship between vitamin supple ment and fruit and vegetable consumption. Our findings demonstrate the significant interaction between the total diet quality of U.S. consumers and the intake of vitamin supplements. However, consumers do not sub stitute fruit and vegetable consumption with vitamin supplements, which is shown by a small, albeit significant interaction between a high fruit and vegetable HEI and vitamin supplement consumption. The results of our model specification emphasizes that lifestyle factors, health indicators and food culture are important covariates that, together with vitamin supple ment intake, have a significant impact on U.S. consumers diet quality out comes. The 2010 Dietary Guidelines for Americans state that at-risk population groups may be in need of supplements to meet minimum dietary recommendations, which supports the need for a targeted approach for improving the diets of at-risk populations (USDA/HHS 2010; Balluz et al. 2000) . We confirm that individuals who already lead a healthy lifestyle are likely to consume dietary supplements (Radimer et al. 2000; Greger 2001 ).
This finding supports nutritional recommendations and existing research evidence regarding the health benefits of regular vitamin supple ment intake (Bendich et al.1997; Dickinson 2002) . However, it also suggests that healthy eaters may not need to supplement their diets, which may lead to a potential vitamins and/or mineral intake above the recom mended upper levels (USDA/HHS 2010). In short, the evidence produced by the NHANES respondents suggests that vitamin supplements may not be consumed as a substitute for fruit and vegetable intake. Given the tech niques used in our health economic study, supplement use should be dis couraged for the general population given that they may be harmful.
These findings contribute to the ongoing discussion about the regula tory issues of dietary supplements and their implications for public health. While vitamins might serve as a disease-preventative input that supplement a poor diet for at-risk consumers, it is important to assess the safety and efficacy of dietary supplements. As such, DSHEA might need to be improved or reformed to prevent consumers with serious medical conditions from either relying on products with no medicinal value or from consuming amounts that are harmful to their health. At a minimum, consuming supplements in addition to a healthy diet is also wasteful. Thus, there may be a need for regulations that are efficacious and formu lated for legitimate ends (Denham 2011) .
In this study, we expand on the conclusions by Park and Davis (2001) and Variyam et al. (1999) regarding the need for greater attention to the correct specification and performance of alternative IV estimators. This is necessary to avoid spurious results commonly encountered in analyses of cross-sectional studies of diet behavior. To address issues of endogeneity and misspecification, we implement an instrumental variable identifica tion technique developed by Lewbel (2006; 2012) that uses heteroskedastic errors as the only exclusion restriction in creating higher-order instru ments. The results from the identification using alternative 2SLS and GMM estimators yield similar parameter estimates. Thus, this technique delivers robust evidence regarding the relationship between vitamin sup plement intake and the diet quality of U.S. consumers. In contrast to pre vious studies that have relied on Lewbel's (1997) original, and since-criticized instrumental variable approach (Erickson (2001) , we use Lewbel's (2006; 2012) more recently developed estimator, which exploits heteroskedasticity for model identification and does not rely on any exclu sion restrictions. We find all selected Lewbel instruments to be relevant and sufficiently exogenous, performing above simpler OLS estimators.
Finally, the potential efficiency advantages of GMM over 2SLS IV esti mators discussed by Baum et al. (2003) did not materialize in this analysis. Regarding the reliability of IV estimation methods in the analysis of crosssectional and health-behavioral data, we confirm that strong exogenous instrumental variables are of high importance to the validity of empirical results, and hence policy recommendations derived from such studies.
Dietary supplements are a major area of industry growth and competi tion for the U.S. food sector. Yet this topic has received little attention in applied economics research to date. An aging population, retiring baby boomers and increased awareness of diet-health related disease (e.g. obesity, diabetes) all pose challenges to public health. The so-called "diet-health mega-trend" is expected to push the future demand for vitamin supplements that might provide health benefits. In addition, there might be additional market pressure for convenient product innovations from the fruits and vegetable sector.
Our empirical results contribute to developing a better understanding of factors that impact diet-health behavior and provide insight to research ers, industry and policy stakeholders with regard to the more efficient pro motion of preferred nutritional food choices and targeted education.
